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Abstract – The aim of this study was to propose a mechanical device that could increase 
the mechanical load during the entire eccentric (ECC) action on a knee flexor machine 
and to compare the muscular activity when the device was used during a testing proto-
col. Fifteen physically active women were recruited, and they performed two protocols: 
control and eccentric overload. Control protocol was performed with concentric (CON) 
and ECC actions with similar load (60% of one repetition maximum) whilst eccentric 
overload protocol consisted of ECC actions with 40% more load than CON actions. 
Muscular activation was measured using surface electromyography of the biceps femoris 
(BF) and the gastrocnemius medialis (GM) muscles. ECC actions presented a higher 
muscular activation during eccentric overload protocol than control protocol for BF (p = 
0.032), but not for the GM (p = 0.439). The mechanical device increased the mechanical 
load during the ECC muscle action and consequently increased the amplitude of the 
neural drive to the BF muscle; however, it did not increase the amplitude of the neural 
drive to the GM muscle.
Key words: Electromyography; Muscle contraction; Resistance training.

Resumo – O objetivo deste estudo foi propor um dispositivo mecânico que acoplado a uma 
cadeira flexora aumente a carga mecânica durante toda a ação excêntrica (ECC) e comparar a 
atividade muscular durante a utilização do dispositivo proposto. Quinze mulheres fisicamente 
ativas foram recrutadas e realizaram dois diferentes protocolos (controle e sobrecarga ECC). O 
protocolo controle foi realizado com ações concêntricas (CON) e ECC com carga iguais (60% de 
uma repetição máxima), enquanto o protocolo de sobrecarga ECC consistiu em ações ECC com 
40% mais de carga do que as ações CON. A ativação muscular dos músculos biceps femoris (BF) 
e gastrocnemius medialis (GM) foi medida por meio de eletromiografia de superfície. Durante as 
ações ECC foi observada uma maior ativação do BF durante o protocolo de sobrecarga quando 
comparado ao protocolo controle (p = 0,032). No entanto, GM não apresentou diferenças na 
ativação entre os protocolos (p = 0,439). O dispositivo mecânico proposto foi capaz de aumentar 
a carga durante a ação ECC e, consequentemente, a atividade muscular do BF.
Palavras-chave: Contração muscular; Eletromiografia; Treinamento de resistência. 
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INTRODUCTION

Distinct patterns of muscle activation and strength production between 
eccentric (ECC) and concentric (CON) muscle actions have been detected 
during resistance training1-4 with a higher capacity to produce strength 
during ECC actions5-6. Training where ECC actions were overload (ECC 
overload [EO] training), performed with more load than during CON ac-
tion it was verified after training an increase on the size of type IIX fibres7, 
a higher increase at isokinetic and isometric force production8 and higher 
neuromuscular activation8-10. Owing to the importance of ECC actions 
in neuromuscular activation11 and the benefits of EO training, machines 
have been developed to increased load during the ECC action12-15. 

Attempting to increase the load during the ECC action could be 
laborious and potentially unsafe which may lead researchers to use isoki-
netic dynameters when conducting their research8. However, isokinetic 
dynamometers require higher costs and could be expensive for training 
centres and gyms. In addition, during rehabilitation, the general public, 
athletes, or patients typically perform daily training on weight-training 
machines rather than isokinetic dynamometers. Thus, better understand 
the acute responses using weight-training machines could provide valuable 
information for training prescription.

EO training have been performed with flywheel machine15-16. The 
flywheel consists of a spinning flywheel that allows the ECC action to be 
performed under higher loads then the CON action. Nevertheless, the 
flywheel system is limited because the load during the ECC action is not 
constant throughout the range of motion17. A group of researchers developed 
a machine that allows ECC overload throughout the contraction without as-
sistance14; however, it was limited to a few muscle groups. Hence, a device that 
could change the load during the ECC action on different types of machines 
and throughout the range of motion could be beneficial to practitioners.

Therefore, this study contained two aims. The first was to propose a 
mechanical device that could increase the mechanical load during the entire 
ECC action on a knee flexor machine. The second aim was to compare 
the neuromuscular activity between an EO protocol and a control protocol 
(CO) with the designed mechanical device. 

METODOLOGICAL PROCEDURES

Participants
The sample population was 15 healthy women (21 ± 2 years, 159 ± 4 cm, 
58 ± 7 kg) with no history of lower limb injury and no strength training 
for at least six months. The calculation of the sample size was performed 
with the G*Power 3 program18. Females were used because there are a low 
number of studies using this gender. The local ethics advisory committee 
approved the study, and the participants provided written informed consent 
prior to their participation.
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Procedures
Participants performed the exercise unilaterally on the seated leg-curl 
machine (Master Equipment, Brazil) with their dominant leg (leg used 
to kick a soccer ball). To verify whether the changes in mechanical resist-
ance (i.e. resistance provide by the machine to move the load) caused by 
the mechanical device altered muscle activation, two different protocols, 
EO and CO, were implemented and surface EMG (sEMG) was recorded. 
For the EO protocol, the mechanical resistance during the ECC action 
was higher than the resistance during the CON action; however, the CO 
protocol showed the same resistance during both contractions. The duration 
of the repetition, which is a factor that affects neuromuscular activation19, 
was used as a control variable. The total duration of the repetition was 6 
s (controlled with a metronome [Metronome Plus®]): 2 s for the CON 
action, 1 s for the isometric (ISO) muscle action (which was necessary 
to expand the mechanical device), 2 s for the ECC action, and finally 1 
s for placing the mechanical device at the start position (before starting 
another repetition). Participants were instructed to maintain the ankle in 
maximum voluntary dorsiflexion during the entire knee flexion exercise.

Table 1. Configuration of the CO and e EO testing protocols.

Protocol Set x  
Repetition

CON load         
(%1RM / Mean ± SD [kg])

ECC load 
(%1RM / Mean ± SD [kg])

Duration of 
Repetition (s)

Rest 
(min)

CO 3 x 8 60 / 23 ± 4 60 / 23 ± 4 6 3

EO 3 x 8 60 / 23 ± 4 84 / 32 ± 5 6 3

1RM = one repetition maximum, Con = concentric action, and Ecc = eccentric action. (mean ± 
standard deviation, n=15).

The experimental design consisted of four sessions, where testing ses-
sions 3 and 4 were balanced between the participants. First session consisted 
of 1RM testing and familiarization. During second session, the 1RM test 
and testing protocol familiarization were repeated. The 1RM values from 
the first session was used during the second session to improve the test 
precision. The testing protocol load was determined as a percentage of the 
1RM test from the second session.

Mechanical Device
A mechanical device developed to change the mechanical resistance during 
the ECC action was integrated into a seated leg-curl machine (Master 
Equipment, Brazil; Figure 1). The machine’s original cam was replaced 
with the developed mechanical device (Figure 2), and the original range 
of motion was maintained.
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Figure 1. The figure is a Schematic design of the seated leg-curl machine used during the testing sessions

The mechanical device used an expander mechanism to increase the 
radius (r; r = 100 mm) which occurred over the entire ECC action (nega-
tive work), where r became r’ (r’ = 140 mm). The expander mechanism was 
triggered at the end of the CON action (positive work; Figure 2) resulting 
in a higher torque for the ECC action owing to the increase of the r to 
r’ (Figure 3). When the CON action restarted, the device was returned 
to the original position (r). The activation of the expander mechanism 
(representing an 40% increase of the load) was performed manually by 
the application of an external force on a lever attached to the mechanical 
device (Figure 2B). The changes only occurred during the EO protocol 
(time change was 1.1 s ± 0.1). During the CO protocol, the mechanism 
used the same r at CON and ECC to all (Figure 3). The forces produced 
during the CON and ECC actions for both protocols were averaged for all 
of the participants individually and are shown in Figure 3. The mechani-
cal device has a patent application, from the Federal University of Minas 
Gerais, at the National Industrial Property Institute (INPI).

Measures
• 1RM test

The 1RM test was standardized with a maximum of six attempts and a 
5-min rest between attempts. A gradual progression of the load was per-
formed according to the perception of the examiner and volunteers. When 
the participants performed one repetition, a new attempt was performed 
to verify whether they could complete an additional repetition. If the par-
ticipant succeeded in the new attempt, another attempt was performed. 
However, if a complete repetition was not established within six attempts, 
a new session was scheduled to achieve the 1RM test. The scores obtained 
during the 1RM test with a traditional knee-flexion exercise (without the 
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use of the expander mechanism) were used as a reference for the load dur-
ing testing sessions 3 and 4 (see Table 1). 

• EMG assessment
Surface electromyography (EMG) data were collected from the biceps femoris 
(BF) and the gastrocnemius medialis (GM) muscles with a Biovision® EMG 
system . The electrode placement was based on the guidelines of the Surface 
Electromyography Non-Invasive Assessment of Muscle (SENIAM). The pre- 
amplified surface electrodes (Ag/Cl with a 1-cm diameter) were placed on 
each muscle at a distance of 2 cm from the electrodes centres. Before placing 
the electrodes, the skin area was shaved and cleaned with isopropyl alcohol 
to reduce skin impedance and to ensure a good adherence of the electrodes. 
The EMG signal passed through differential amplifiers (x 1000) at a sample 
rate of 1000 Hz. During the offline analysis, the sEMG data were filtered 
(6–500 Hz) using a fourth-order Butterworth band-pass filter.

Figure 2. Schematic design of the mechanical device and expander mechanism. P represents the 
load being pulled; r is the perpendicular distance between the cam axis and the point where the 
cable touches the cam; b represents the distance between the axis of the cam and the lever; and 
F is the force applied by the participant. (A) is the concentric action with the device in its original 
size; (B) is the eccentric action with the device expanded. 

Figure 3. Force values for the concentric (CON) and eccentric (ECC) actions during the control 
(CO) and eccentric overload (EO) protocols, mean ± standard deviation (n = 15)
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The root mean square (RMS) of the EMG signal (RMSEMG) was cal-
culated (CON and ECC action) in the respective time window duration for 
each of the eight repetitions in each set. After each set, the average RMSEMG 

of the eight repetitions was calculated. This procedure was performed for 
three sets, resulting in three CON and three ECC RMSEMG mean values. 
The highest RMS value (peak) among the three sets was used to normalize 
the muscle action of each protocol20. After normalization, we calculated 
the average of the percentages of the 3 sets of each protocol for the CON 
and ECC actions (EMGMEAN). These procedures were performed for the 
BF and GM muscles and only normalised data is presented in the present 
study. An electrogoniometer (Biovision®), positioned at the knee joint, was 
used to separate the muscle actions for each repetition. The duration of 
each muscle action was defined as the time spent between the maximum 
(final knee extension) and minimum (initial knee extension) angular posi-
tions. Thus, the duration of the eccentric muscle action corresponded to 
the period between the maximum and minimum angular positions, while 
the duration of the concentric muscle action corresponded to the minimum 
and maximum angular positions.

Statistical Analysis
The data were analysed using an IBM SPSS 22.0 (SPSS Inc., Somers, NY, 
USA). To analyse the EMGMEAN and duration of the repetition, a two-
way ANOVA repeated measure (protocol x muscle action) was performed. 
When appropriate, follow-up analyses were performed using paired t-tests 
with the Bonferroni correction. The standardized effect sizes (ES; Coheǹ s 
d) were included, and an ES < 0.2 was considered trivial; an ES ≥ 0.2 was 
considered small; an ES ≥ 0.5 was considered moderate; and an ES ≥ 0.8 
was considered large21. Alpha level was p < 0.05 and the data ware presented 
as mean ± standard deviation.

RESULTS

For the BF muscle, the main effects for the protocol (p = 0.004) and the 
muscle action (p < 0.001) were observed but with no significant interaction 
(p = 0.244). A post hoc test showed that EO protocol was higher than CO 
protocol (p = 0.004, ES = 0.79), and the CON action values from the CO 
and EO protocols were ~54% higher than the ECC action values from 
both protocols (p < 0.001, ES ≥ 2.40). In addition, ECC action during 
the EO protocol presented a higher value than the ECC action from the 
CO protocol (p = 0.032, ES = 1.09; Figure 4B); however, no differences in 
the CON action values from the CO and EO protocol testing (p = 0.133; 
Figure 4A) were found.

The results from the GM muscle showed no significant interaction 
(p = 0.956) and no main effect for the protocol (p = 0.206); however, a 
main effect to the muscle action type (p < 0.001) was shown. Post hoc 
test showed the CON action values from the CO testing protocol and the 
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EO protocol were ~53 higher than the ECC values from both protocols (p 
< 0.001, ES ≤ 3.32) for the same protocol. However, no differences were 
found in the CON action values for the CO and EO testing protocols. 
Similar results were found for the ECC actions (p = 0.366, Figure 4A; p 
= 0.439, Figure 4B).

The repetition duration showed no main effect for protocol (p = 0.378), 
muscle actions (p = 0.141) or interaction (p = 0.095). 

DISCUSSION

The present study has two main findings: (i) the developed device caused 
an increase in the lever arm of the machine, hence, resistance torque also 
increased creating a higher active torque during the ECC action; (ii) in-
creased neuromuscular activation during ECC action at EO for BF.

Given the higher load during ECC actions at the EO protocol, a higher 
neuromuscular activation would be expected22. For the BF muscle in the 
EO protocol, the ECC actions showed a significantly higher RMSMEAN 
(16%) than the CO protocol. The increases in the EMG amplitude could 
have occurred due to a higher MU recruitment and/or higher firing fre-
quency of the recruited MUs23. Another explanation is the contribution 
of the passive elements during the ECC action to compensate the lack of 
the contractile materials (i.e. fewer cross bridges)3,24 which might have an 
effect on the neuromuscular activation.

One study investigated the acute neuromuscular effects (compared 
by EMG amplitude) of the EO exercise and they found contrasting finds 
compare to the present study25. For instance, they investigated the effects 
of EO exercise during bench press and although no differences in neu-
romuscular activation were found for pectoralis major and triceps brachii 
greater activation during ECC action overload was observed for the an-
terior deltoid muscle in the same study. Different methodology was used 

Figure 4. EMGMEAN of each testing protocol. The empty bars represent the CO group, and the filled bars represent the EO group. Biceps femoris 
showed a main effect for protocol and action (p≤ 0.004) but gastrocnemius medialis only showed a main effect for action (p < 0.001). The 
# symbol indicates that the ECC EMGMEAN from the EO protocol was higher than the ECC EMGMEAN from the CO protocol (p = 0.032) for BF.
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compared to the present study, but possible differences could be related to 
the multi-joint exercise bench press characteristics which may allow dif-
ferent neural strategies than the uniarticular exercise26. Also the function 
of the different muscles (i.e. agonist, stabilizer) may had an impact on the 
results25; however, further clarification is required.

Neuromuscular activation observed in the GM muscle was similar 
to the BF muscle in the present study, which showed a strong synergistic 
action during knee flexion. Owing to the high synergistic action of the 
GM muscle and the 40% increase in the mechanical load, a difference 
between the protocols during the ECC action was expected. This lack of 
difference could be due to synergistic muscles may contribute to a differ-
ent magnitude26. Previously, sartorius and gracilis muscles neuromuscular 
activation was analysed during knee flexion, and greater activation of the 
gracilis than the sartorius was found26. There is little information in the 
literature regarding the level of contribution of each synergist muscle dur-
ing the knee flexion, hindering the understanding of the impact of an EO 
protocol. The increased mechanical load during the ECC action may have 
been distributed unevenly across the synergist muscles. In addition, the 
different force produced by the GM muscle during knee flexion might also 
have an influence. It is expected from GM muscle contributed to a higher 
torque output when the knee was extended at the end of the ECC muscle 
action27. Thus, perhaps an extent of the neural drive to the GM muscle was 
masked because the analysis of the neuromuscular responses was carried 
out for the full range of motion and not the final angles of the knee flexion.

As a limitation, this study only analysed BF and GM muscles and as 
previously reported various muscles can exert a synergistic action during 
knee flexion along with the agonist muscles26-28. Additionally, the manual 
alteration of the mechanical device during the EO protocol must be consid-
ered. Although increasing the load during the ECC action required external 
assistance and the procedure was secure and safe, 1 s was required to alter the 
device, which also was add to the CO protocol. A longer repetition time in 
one protocol could result in a higher time under tension and, consequently, 
a higher neuromuscular demand. However, no difference in time length to 
expand the device was observed between the protocols (P = 0.875).

Further research will be necessary to investigate the neuromuscular 
activation over different muscle groups with ECC overload. We suggest 
using a rating of perceived exertion scale during protocols what maybe 
could be useful tool during the test sessions. From a practical perspective, 
we suggest an improvement to the device that would allow the practitioner 
to perform the mechanical change to overload the ECC action, avoiding 
external assistance and increasing the device efficiency.

CONCLUSION

In conclusion, the mechanical device increased the mechanical load during 
the ECC muscle action and consequently increased the amplitude of the 
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neural drive to the BF muscle; however, it did not increase the amplitude 
of the neural drive to the GM muscle. The device demonstrated a valid 
alternative for increasing neuromuscular activation during ECC action, 
which could be used as a new method for varying a training program dur-
ing resistance training protocols with knee flexion.
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